Hypersensitivity pneumonitis is characterized by pulmonary accumulation of B-cell-rich tertiary lymphoid tissues (TLTs), which are alleged sites of amplification for antigen-specific responses. The sphingosine-1-phosphate receptor 1 (S1P 1 ) regulates key mechanisms underlying lymphoid tissue biology and its chemical modulation causes lymphocyte retention in lymph nodes. Given the putative immunopathogenic impact of lymphocyte accumulation in TLTs, we investigated whether or not chemical modulation of S1P 1 caused lymphocyte retention within TLTs in a model of hypersensitivity pneumonitis. Mice were exposed subchronically to Methanosphaera stadtmanae (MSS) in order to induce an hypersensitivity pneumonitis-like disease. MSS exposure induced B-cell-rich TLTs surrounded by S1P 1 -positive microvessels. Upon MSS rechallenge, the S1P 1 agonist RP001 prevented the pulmonary increase of CXCL13, a chief regulator of B-cell recruitment in lymphoid tissues. This was associated with a complete inhibition of MSS rechallenge-induced TLT enlargement and with a 2.3-fold reduction of MSS-specific antibody titers in the lung. Interference with TLT reactivation was associated with a 77% reduction of neutrophil accumulation and with full inhibition of protein-rich leakage in the airways. Thus, an S1P 1 agonist hinders TLT enlargement upon antigenic rechallenge and inhibits key pathognomonic features of experimental hypersensitivity pneumonitis.
INTRODUCTION
Chronic exposure to bioaerosols containing a heavy antigenic burden can lead to respiratory diseases such as hypersensitivity pneumonitis (HP). 1, 2 HP is a chronic inflammatory condition characterized by both humoral and cellular components. Repeated exposures to causative agents induce lymphocytic infiltrates, local release of antigen-specific antibodies, and an ensuing accumulation of granulocytes. 3, 4 Upon antigenic reencounter leading to an HP exacerbation, diffuse alveolar damage caused by granulocytic inflammation and protein-rich exudate is reminiscent of dyspnea, which can be mild to fatal. 5, 6 So far, the only effective treatment for HP is to avoid eliciting antigens. 7 Yet, antigen avoidance is often difficult to implement for social and economical reasons; and sometimes impossible when causative agents cannot be identified. 2 Thus, there is a strong interest in identifying regulatory points with potential for alleviation and reversal of pulmonary hypersensitivity as it is seen in HP. Mononucleated cell accumulation foci, often referred to as tertiary lymphoid tissues (TLTs), are routinely found adjacent to the vascular or bronchial stroma in pulmonary hypersensitivity diseases, including HP. 8, 9 Pulmonary TLTs are generally composed of a follicle-like B-cell center often associated with a T-cell zone, 10 although their structure can vary according to the causative agent and the state of TLT maturation. 11 Accordingly, it is currently believed that the mechanisms of TLT formation in the lung depend on the nature of the causative agent. 10 Still, these different mechanisms often converge toward the pulmonary release of lymphangiogenic factors and homeostatic chemokines including tumor necrosis factor (TNF) receptor ligands and chemokines with potent T-cell-and B-cellattracting properties. [11] [12] [13] [14] [15] [16] [17] In HP, the current theory suggests that TLTs promote B-cell-mediated immunity in the lung and thus favor antigen-triggered HP exacerbations. 10 Therefore, targeting pulmonary TLTs could impact on the progression of HP.
Sphingosine-1-phosphate (S1P) is a bioactive lipid regulating key inflammatory mechanisms through activation of five high-affinity G-protein coupled receptors (S1P 1 -S1P 5 ). Given that pharmacological activation of S1P 1 induces lymphocyte sequestration in secondary lymphoid organs, 18, 19 we initially hypothesized that an S1P 1 agonist would also promote the enlargement of pulmonary TLTs. According to the current theory, 10 lymphocyte retention in TLTs would be associated with maintenance of the antigen-specific response in the lung and eventually, with the enhancement of HP signs. Alternatively, S1P 1 -mediated interference with the release of cytokines in the lung 20, 21 might alleviate TLT reactivation and subsequently blunt the hypersensitivity response.
The aim of the study was to determine the role of S1P 1 in the reactivation of TLTs in response to Methanosphaera stadtmanae (MSS), a recently described immunogenic agent found at high concentration in agricultural environments. 22 We show that, contrary to its effect on lymph nodes, an S1P 1 agonist profoundly reduces the enlargement of TLTs in response to a MSS rechallenge and alleviates the cardinal features of experimental HP.
RESULTS

MSS exposure induces partially organized B-cell-rich TLTs
Following subchronic exposure to MSS, peribronchial and perivascular mononuclear cellular infiltrates are induced in the lung. 22 We found that these cellular infiltrates are compatible with the type II TLT morphology described by Fleige et al.
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with a high prevalence of B220-positive B cells and dispersed T cells, and/or T-cell aggregates ( Figure 1a ). In agreement with previous literature, 23, 24 we also observed the presence of CD11c-positive macrophages/dendritic cells within TLTs (Figure 1b) . PNAd-positive vessels were detected in the periphery of TLTs, which is compatible with the occurrence of high endothelial venules (Figure 1c) . Lyve-1 staining revealed no lymphatic endothelial cells in the core of the TLTs. Instead, Lyve-1-positive cells were broadly distributed among the pulmonary parenchyma (Figure 1d ). These observations confirm the notion that subchronic exposure to MSS induces the formation of early stage, yet spatially organized, TLTs.
An S1P 1 agonist inhibits TLT amplification upon MSS recall Given that S1P 1 agonists induce lymphocyte sequestration in lymph nodes, 18, 25 we tested the hypothesis that activation of S1P 1 would prevent lymphocyte exit from TLTs, thus causing TLT enlargement. Control mice that remained unexposed to MSS did not present any pulmonary TLT (not shown). On day 22 (3 days after micropump implantation), TLTs were found throughout the lung in association with blood vessels and/or bronchi (Figure 2b i, ii) . At that time, the area occupied by TLTs was not modulated by RP001, when compared to the vehicle (Figure 3 ), in spite of systemic lymphopenia ( Supplementary Figure 1 online) . Between day 22 and day 24, there was a nearly 50% decrease in the area occupied by TLTs, independently of the administration of RP001 ( Figure 2b iii, iv; Figure 3 ). MSS rechallenge induced a nearly three-fold increase of TLT area on day 24, and this increase was completely inhibited by RP001 (Figure 2b v, vi; Figure 3) .
In view of the profound inhibition of MSS-induced reactivation of TLTs by the S1P 1 agonist, we investigated which cell subsets were affected ( Figure 4 ). In agreement with immunofluorescence results (Figure 1a) , the predominant lymphocyte subset found in the pulmonary parenchyma of mice exposed to MSS was B cells, followed by CD4 þ T cells and CD8 þ T cells. When compared to the mock-rechallenged group, the parenchyma of MSS-rechallenged mice featured a 1.6-fold increase in average B-cell numbers (6.8±1.1 Â 10 5 vs. 1.1 ± 0.1 Â 10 6 cells, respectively); a 1.9-fold increase in CD4 þ T-cell numbers (2.4 ± 0.4 Â 10 5 vs. 4.5 ± 0.3 Â 10 5 cells, respectively); and a two-fold increase in CD8 þ T-cell numbers (0.9 ± 0.2 Â 10 5 vs. 1.7 ± 0.2 Â 10 5 cells, respectively). RP001 reduced the numbers of these three lymphocyte subsets to the level of mock-rechallenged mice (Figure 4b-d) . In opposition to its inhibitory effect on antigen- triggered TLT expansion, RP001 induced a nearly two-fold increase in the total cell number of peripheral (inguinal) lymph nodes in mice sensitized and rechallenged with MSS ( Figure 5a ). This effect was mainly attributed to lymph node retention of B cells (Figure 5b and c) .
Importantly, we found that S1P 1 distribution in TLTs differed from that of lymph nodes. For instance, S1P 1 -eGFP is present on lymphocytes and reticular structures within lymph nodes (Figure 6a) . However, we found poor S1P 1 -eGFP signal within TLTs (Figure 6b and Supplementary Movie 1) as well as few S1P 1 -positive lymphocytes within these structures (not shown). Instead, S1P 1 is distributed in the periphery of TLTs, on structures resembling the capillary network and co-localizing with endothelial cell marker CD31 (Figure 6c ). In addition, we observed CD19-positive cells in conjunction with S1P 1 -positive capillary-like structures in the periphery of TLTs (Figure 6d) . Thus, S1P 1 is broadly expressed among the lung parenchyma and although it is found in the periphery of TLTs, its penetration within these structures is limited.
RP001 inhibits MSS rechallenge-induced accumulation of CXCL13 in the lung
Specific soluble factors influence the impact of S1P pathway modulators in different types of lymphoid organs, 26, 27 as well as TLT formation and maintenance. 11, 12, 14, 15, 17 We thus initially screened for modulation of messenger RNA levels encoding for CXCL12, CXCL13, TNFS13B (BAFF), TNFS14 (LIGHT), and TNF in response to MSS (Supplementary Figure 2) , which are central regulators of B-cell accumulation and TLT formation. 11, 12, 14, 15, 17 Among these candidates, CXCL13 displayed the highest messenger RNA level increase in response to MSS. Moreover, the messenger RNA level for CXCL13 was significantly decreased by RP001 in mice rechallenged with MSS (Supplementary Figure 3) . In agreement with these results, neither the MSS rechallenge nor the S1P 1 agonist significantly affected the concentration of TNF (Figure 7a 
pg mg
À 1 ), and this increase was inhibited by RP001 (7.9 ± 0.9 pg mg ). Similar to CXCL12 and TNF, RP001 per se mildly increased CXCL13 concentration in the lung of mock-rechallenged mice, when compared to vehicle (P ¼ 0.054) (Figure 7c ). Yet, upon MSS rechallenge, RP001 fully inhibited the increase of CXCL13, supporting the instrumental role for this chemokine in the inhibition of TLT reactivation by RP001.
RP001 alleviates critical features of MSS-induced HP-like experimental disease
B lymphocytes-derived antigen-specific antibodies drive the inflammatory reaction in HP. 7 We addressed the concept that inhibition of B-cell accumulation upon MSS rechallenge by RP001 alleviates the local antigen-specific response. We found that, on day 24, MSS-specific antibody titers were reduced by nearly 2.3-fold by RP001 (Figure 8a and b) , when compared to the group receiving MSS rechallenge and the vehicle treatment.
We then investigated if reduction of the antigen-specific antibody titers led to an alleviation of key pathognomonic features of HP. As expected, the bronchoalveolar lavage fluid (BALF) from control mice (receiving mock sensitization and mock rechallenge) contained low average cell numbers mainly composed of macrophages (1.8±0.3 Â 10 4 cells), and RP001 did not significantly modify BALF cellular content under these conditions ( Figure 8c ). Mice sensitized with MSS for 3 weeks and receiving a mock rechallenge displayed increased macrophage numbers in BALF, whether they were treated with vehicle or RP001 (2.3 ± 0.4 Â 10 5 and 2.4 ± 0.6 Â 10 5 cells, respectively). MSS sensitization also increased BALF lymphocytes in mice treated with vehicle or RP001 (6.6 ± 1.7 Â 10 4 and 9.0±0.9 Â 10 4 cells, respectively) (Figure 8c ), while no significant accumulation of neutrophils was detected. However, MSS rechallenge strongly increased neutrophil accumulation in BALF, reaching an average number of 1.6 ± 0.3 Â 10 5 cells. RP001 treatment led to a potent 77% inhibition of MSSinduced neutrophil accumulation, which was not different from the level found in mock-rechallenged mice (Figure 8c ). This was accompanied by a full reversal of MSS rechallengeinduced albumin accumulation in BALF (Figure 8d ). RP001 thus potently inhibits the hypersensitivity response induced by MSS along with determining features of diffuse alveolar damage. 
DISCUSSION
TLTs are commonly found in chronic diseases. 8, 9, [28] [29] [30] The body of literature on the subject reveals an unsuspected complexity of the mechanisms governing their genesis as well as their involution. [11] [12] [13] 16, 23, 24, 31, 32 In fact, the anatomical location 10, 17, 33 and triggering agents 11 appear to define the underlying mechanisms of TLT regulation supporting the diversity, the specificity, and the likely differing functional impacts of these lymphoid structures. Our study unravels a new player in TLT biology. We found that S1P 1 chemical modulation does not promote TLT enlargement under basal conditions, but prevented TLT reactivation upon an antigenic rechallenge. Moreover, our findings support the concept that TLTs are a source of local factors that promote antigen-induced hypersensitivity in the lung. This study provides the first evidence for S1P pathway regulation of TLTs and defines S1P 1 as a sufficient target to alleviate critical features underlying diffuse alveolar damage as it is seen in the context of HP.
Pulmonary TLTs possess an overall lower degree of organization, when compared to secondary lymphoid tissues. 10 In agreement with this notion, we determined that in the lung, S1P 1 is mainly found on the capillary network as well as on structures resembling blood vessels located outside of the TLTs. Moreover, we found limited penetration of S1P 1 within the TLT itself. This contrasts with the prior observation that S1P 1 is found on organized lymphatic and vascular stromal cells located within lymph nodes. 25 Another striking difference between lymph nodes and TLTs is that TLTs do not feature a defined capsule that restricts cellular entry and exit at very limited locations, i.e., in blood or lymphatic vessels. 28, 34 Moreover, highly compartmentalized S1P pools in these organized lymphatic vessels guide lymphocyte exit from lymph nodes. 35 This mechanism of lymphocyte exit is thus unlikely to be operational in TLTs given their lower degree of organization. This is further supported by the lack of effect of RP001 on TLT size under basal conditions, given that S1P 1 chemical modulators induce lymphocyte sequestration by disrupting S1P 1 -mediated guidance of lymphocytes toward the S1P-rich lymph found in lymphatic vessels. 36 Together, our current results thus argue against the concept that lymphocytes exit pulmonary TLTs using S1P 1 -guided migration toward compartmentalized S1P into lymphatic vessels. It is important to note that the TLT featured in our model may not be fully mature and that the inhibitory response to S1P 1 modulators may depend on the state of TLT maturation.
Although TLT maintenance is unaffected by S1P 1 chemical modulation in the current system, antigen-driven TLT enlargement is nevertheless inhibited by RP001. One mechanism to explain this effect is the induction of lymphopenia and sequestration of lymphocytes in distant lymphoid organs. 19, 37 However, sphingosine analog-induced lymphopenia was shown to mainly impact on naive lymphocytes 38 and to marginally influence total lymphocyte numbers in lymphoid organs insensitive to sphingosine analog-induced sequestration. 37 On the other hand, profound inhibition of pulmonary accumulation of lymphocytes by S1P 1 agonists was associated with the inhibition of local release of potent chemotactic agents. 21 Similarly, TLT enlargement in response to immunostimulating factors can be mediated by a number of secreted proteins including T-cell-and B-cell-stimulating factors including LIGHT 17 and BAFF; 15 and homeostatic chemokines including CXCL12 11 and CXCL13. 12, 14, 31 Among these likely candidates, Shown images of anti-CD19 in the lung are representative of at least five independent mice from five independent experiments; anti-CD31 and lymph node images are representative of at least three independent mice from three independent experiments. MSS, Methanosphaera stadtmanae; S1P 1 , sphingosine-1-phosphate receptor 1; TLT, tertiary lymphoid tissues.
we found the potent B-cell chemotactic agent CXCL13 to be the most significantly increased in response to MSS, and this was detected at both the messenger RNA and the protein level. Of course, the possibility remains that mediators not addressed in the current study could also contribute to the RP001-mediated inhibition of TLT reactivation. Yet, our observation that RP001 inhibits CXCL13 accumulation in response to the MSS rechallenge, in combination to the prior observation that CXCL13 neutralization is sufficient to alter TLT formation supports an instrumental role for CXCL13 in the RP001-mediated inhibition of TLT expansion. Moreover, our findings are consistent with the view that disruption of specific chemokine-chemokine receptor axes by S1P receptor modulators can influence lymphocyte trafficking in lymphoid tissues. 26, 27 Given the high S1P 1 -eGFP signal on endothelial cells and the role of these cells in the regulation of pulmonary inflammation, 20 it is tempting to speculate that the inhibition of TLT reactivation by RP001 involves S1P 1 -mediated inhibition of CXCL13 expression by endothelial cells, but this theory remains to be tested. This is the first evidence supporting the concept that the S1P pathway could be utilized to counteract an HP-like disease. Still, the use of additional and more conventional HP-triggering agents is required in order to clarify the pre-clinical potential of S1P 1 chemical modulation for this class of diseases, which encompass a diversity of causative agents. 7 Of note, S1P 1 agonists were shown to interfere with a number of diseases using specific mechanisms of action. For instance, S1P 1 alleviation of experimental autoimmune encephalomyelitis likely involves induction of lymphopenia as well as S1P 1 degradation in the central nervous system; 39,40 S1P 1 prevention of endothelial cell-derived cytokine release alleviates influenza virus-induced immunopathological damages; 20 and S1P 1 -mediated inhibition of chemokines specific to activated T cells are associated with inhibition of TH2 eosinophilic inflammation in experimental asthma. 21 In the case of HPlike diseases, the immunopathological response specifically results from a prolonged exposure to a high antigenic load. This leads to a TH1-TH17 response combined to the release of antigen-specific antibodies that promote local neutrophilic inflammation through formation of immune complexes, and activation of local Fc-receptor-bearing cells. 2, 7 Most importantly, TLTs are a major source of antibodies, 41 but their ability to generate a local antigen-specific response in the context of HP remained unclear. In this study, we show that an S1P 1 agonist reduces TLT reactivation and B-cell numbers in the lung in response to MSS, leading to a decreased local amount of antigen-specific antibodies. Although our results do not rule out the possibility that immunoregulatory agents acting as dampeners of inflammation could derive from TLTs, they are consistent with the notion that TLTs are a local source of antigen-specific immunoglobulins involved in the amplification of hypersensitivity-derived neutrophilic inflammation.
In agreement with the sufficient role of S1P 1 in the stabilization of the endothelial barrier, 42, 43 our findings also support the concept that an S1P 1 agonist could interfere with antigenic rechallenge-induced fluid exudation into the alveoli, which is another determining mechanism of the diffuse alveolar damage that is associated with dyspnea. Thus in the context of HP, S1P 1 agonists would provide beneficial effects by interfering with B-cell accumulation in TLTs and by limiting fluid exudation in the airways.
Our results do not support that RP001 promotes the enlargement of moderately organized pulmonary TLTs. However, we found that upon an antigenic rechallenge, RP001 efficiently interferes with TLT reactivation and reduces antigen-specific antibody titers in the lung. This is associated with potent inhibition of neutrophilic inflammation and protein-rich leakage into the airways, which are two major determinants of diffuse alveolar damage. Thus, an S1P 1 agonist interferes with TLT reactivation and alleviates critical pathognomonic features of an experimental HP-like disease. Animals. Eight weeks old C57Bl/6 female mice were obtained from Jackson laboratories (Bar Harbor, ME) and kept in an environment free of specific pathogens (Centre de recherche de l'Institut Universitaire de cardiologie et de pneumologie de Québec, Quebec City, Quebec, Canada). Experimental protocols, care, and handling procedures were reviewed and approved by the Animal Care Committee of Université Laval (approval # 2014084) under the authority of the Canadian Council on Animal Care.
Airway exposure protocol. Mice were anesthetized with isoflurane and instilled intranasally once daily, 3 consecutive days per week, for 3 weeks with saline or with a saline solution containing 2 mg ml À 1 of MSS. 22 Two days after the last MSS exposure, osmotic micropumps (Durect, Cupertino, CA, USA) containing the vehicle or the shortacting S1P 1 agonist RP001 (1 mg kg À 1 per day; Tocris, Avounmouth, Bristol, UK) were implanted subcutaneously under sterile condition. Three days later, mice were either euthanized with ketamine/xylazine overdose or re-exposed to vehicle (mock procedure) or to MSS (rechallenged group), and euthanized 48 h later.
Bronchoalveolar lavage fluid analyses. After euthanasia, right lobe was ligated, trachea was cannulated with an 18-gauge needle and the left lobe was washed three times with 0.5 ml of phosphate-buffered saline. Total cell numbers in BALF were quantified using a hemocytometer and differential counts were performed on cytospins after cells staining with the Hemacolor kit (Thermofisher, Waltham, MA, USA).
Histology. The left lobe was fixed for 72 h in 4% paraformaldehyde and embedded in paraffin. Paraffin-embedded coronal lung sections were stained with hematoxylin and eosin as described. 44 Whole-lung slices were digitalized and analyzed using the Image J software (NIH, Bethesda, MD, USA) in order to quantify the total area occupied by TLTs.
Immunofluorescence. Wild-type mice were sensitized to MSS as described above and euthanized 4 days following the last MSS exposure. After euthanasia, the left lobes were removed and fixed in phosphate-buffered saline containing 4% paraformaldehyde and 10% sucrose for 2-4 h at 4 1C. Following fixation, lungs were transferred into a 30% sucrose solution for 72 h. Lungs were then embedded in optimum cutting temperature compound, frozen in liquid nitrogen and stored at À 80 1C until 5 mM-thick sections were overlaid on glass slides using a cryostat. Tissues were then incubated in phosphatebuffered saline containing 1% bovine serum albumin (BSA), 2% goat serum, and 0.05% Tween-20 for 45 min. Slides were labeled with combinations of the following antibodies: anti-B220 FITC (RA3-6B2; BD Pharmingen, San Jose, CA), biotinylated anti-PNAd (MECA-79; Biolegend, San Diego, CA), biotinylated anti-CD3 (1452-C11; BD Pharmingen), anti-CD11c APC (HL3; BD Pharmingen), rat anti-Lyve-1 IgG (ALY7; eBioscience, San Diego, CA), goat anti-rat IgG-AF555 (Life Technologies, Carlsbad, CA), and streptavidin-Cy3 (Biolegend). According to Kocks et al., 13 TLTs were identified on immunofluorescence preparations as areas composed of dense rounded nuclei, consistent with lymphocyte morphology, found in the vicinity of a blood vessel or a bronchus.
In order to visualize S1P 1 and TLTs in the lung, S1P 1 -eGFP knock-in mice 25 were exposed to MSS as indicated above. Mice were injected intravenously with 0.5 mg kg À 1 of PE-coupled anti-CD19 antibody (6D5; Biolegend) or APC-coupled anti-CD31 antibody (MEC13.3; Biolegend) 30 min prior to euthanasia. Mediastinal lymph nodes and the left pulmonary lobes were removed. Lobes were cut in 2 mm-thick slices and both lymph nodes and lung slices were processed to whole mounts and visualized with a confocal microscope (LSM800, Zeiss, Oberkochen, Germany).
Flow cytometry. Lungs were perfused free of blood, minced and digested with 0.1% collagenase IV, 0.2% trypsin inhibitor, and 0.02% DNase for 90 min at 37 1C. Tissues were triturated every 15 min in order to obtain a single-cell suspension. Red blood cells were lysed and single-cell suspensions were passed through a 70 mm strainer. Lymphocyte composition was analyzed by flow cytometry, after an enrichment procedure performed with a 30% Percoll gradient (GE Healthcare, Uppsala, Sweden), using primary antibodies raised against CD45 (30-F11; Biolegend), CD19 (1D3; Abcam, Cambridge, UK), CD90.2 (30-H12; Biolegend), CD4 (RM4-5; Biolegend), and CD8 (53-6.7; Biolegend). Data were acquired using a FACS Diva-driven LSR Fortessa (BD Biosciences, Franklin Lake, NJ). Results were analyzed with the FlowJo software (Tree Star, Ashland, OR, USA). Absolute numbers of cell subsets were computed by multiplying the number of cells obtained using an hemocytometer (crystal violet staining) by the frequencies of cell subsets obtained from flow cytometric analyses.
Immunoglobulin titration. MSS-specific antibody level was measured using indirect enzyme-linked immunosorbent assay on supernatants from lung homogenates. Plates coated with 50 mg MSS per ml were blocked with 2% BSA and incubated for 2 h with serial dilutions of lung homogenates. After incubation, plates were washed three times and overlaid with a biotinylated goat anti-mouse immunoglobulin M (IgM), IgA, and IgG (ab102460; Abcam) for 2 h and then washed three times. Plates were incubated with a streptavidin-coupled horseradish peroxidase for 20 min and revealed using OPD (Sigmafast, SigmaAldrich, St Louis, MO, USA).
ELISA. Snap-frozen lungs were homogenized by sonication (Sonifier cell disruptor 185; Branson, Danbury, CT) in phosphate-buffered saline containing protease inhibitors (complete EDTA-free protease inhibitor Cocktail, Roche, Mississauga, ON, Canada). After centrifugation, supernatants were stored at À 80 1C. Quantification of CXCL12 (R&D system, Minneapolis, MN), TNF (Biolegend), and CXCL13 (R&D system) was performed according to the instructions of the manufacturer.
Statistical analyses. Data were expressed using means ± s.e.m. When required, a log transformation was used to homogenize the variance between experimental groups. Unpaired bi-directional t-test was used when appropriate; and one-way analysis of variances were used for multiple comparisons. The Bonferroni procedure was employed for post hoc analyses. Statistical significance was set at Pp0.05. 
